The relative levels of multiple RNA polymerases were determined Plant Materials. Soybean seeds (Glycine max L. var. Wayne) were imbibed in deionized water for 6 hr and sown in moist vermiculite as described earlier (4).
Studies on multiple RNA polymerases in soybean hypocotyl revealed occasional unpredictable changes in total activity, as well as in the relative proportions of the multiple enzymes (8) . Because such changes may be related to changes in developmental processes, we determined the levels of multiple RNA polymerases in tissues representing different developmental stages during hypocotyl growth. In Plant Materials. Soybean seeds (Glycine max L. var. Wayne) were imbibed in deionized water for 6 hr and sown in moist vermiculite as described earlier (4).
Chromatin Isolation. "Crude chromatin" (8) was prepared by a modification of the Huang and Bonner (6) procedure. The modification consists essentially of eliminating the centrifugation through dense sucrose, which results in a preferential loss of RNA polymerase 11 (8) .
Solubilization of RNA Polymerase. RNA polymerase was solubilized by the method of Hardin and Cherry (4) , in which the polymerase is removed from the DNA by a 0.5-hr incubation at 37 C in the presence of 0.5 M ammonium sulfate. In addition, the post 100,OOOg supernatant containing the solubilized enzyme was passed through one layer of Miracloth. This step removes most of the yellow particulate material which fails to sediment. In all cases an equal volume of glycerol was added to the polymerase preparation and the samples were stored in liquid nitrogen. Assay of RNA Polymerase. Assay conditions were the same as described previously for column assays (8) , in which the unlabeled UTP was omitted and the 'H-UTP was reduced from 22.5 Ci per assay tube.
Chromatography on DEAE-Sephadex. Solubilized RNA polymerase preparations were thawed after storage in liquid nitrogen, and diluted 5-fold with TGMED (50 mM tris, pH 8, 25% glycerol (v/v), 5 mm MgCl2, 0.1 mm EDTA, 0.5 mM dithiothreitol) to reduce the (NH4)2SO, concentration to 0.05 M.
The sample was pumped onto a 0.9 x 10 cm DEAE-Sephadex A-25 column previously equilibrated with TGMED buffer at a flow rate of 38 ml/hr. The column was washed with 20 ml of TGMED containing 0.15 M KCl and the enzymes were eluted with an 80-ml linear gradient ranging from 0.15 M to 0.6 M KCl in TGMED buffer (38 ml/hr). Fractions of 1.5 ml were collected and aliquots of 0.1 ml or 0.05 ml were assayed for polymerase activity as quickly as possible.
RESULTS
Chromatin obtained from different portions of the soybean hypocotyl contains varying levels of RNA polymerases as judged by a-amanitin sensitivity (Table I) . Furthermore, total RNA polymerase activity (cpm/gm tissue) varied among the tissues. Of particular interest are the higher level of total activity and greater proportion of the a-amanitin-resistant polymerase in the meristematic upper half of the hypocotyl as compared with the fully elongated lower half. Furthermore, the hook region contains the highest amount of total activity and also has the lowest a-amanitin sensitivity (highest level of the If the tissue is harvested after three days of growth instead of the usual four days, a smaller amount of total activity and a greater proportion of the a-amanitin-resistant form of the enzyme is found than in the control (Table I) .
To determine the effect of reduced growth by water stressing, we solubilized RNA polymerase from chromatin prepared from tissue that was not watered after planting in moist vermiculite. As shown in Table I , the yield of activity from water-stressed seedlings is about half that of well watered tissue (control). Under conditions of water stress the hypocotyls appear much shorter than the control tissue and are very spindly and somewhat flaccid.
a-Amanitin sensitivity (Table I) suggests that the relative proportions of the a-amanitin-resistant enzyme (polymerase 1), and the c-amanitin-sensitive enzyme (polymerase II) differ considerably in the various tissues. However, when these same preparations were chromatographed on DEAE columns using a linear gradient of 0.05 M to 0.8 M KCI (8) , no significant differences in the elution profiles were noted (data not shown). To achieve good resolution of the multiple enzymes, a much shallower gradient was employed. A linear gradient ranging from 0.15 M to 0.6 M KCI resolves the polymerase activity into three peaks (Fig. 1) , and also demonstrates heterogeneity in polymerase I (Whole Hypocotyl and Upper Half). The two components of polymerase I are very reproducible, based on elution from the DEAE column, and are both insensitive to a-amanitin. The two components elute from the column at 0.2 M and 0.23 M KCI, respectively, whereas polymerase II elutes at 0.3 M KCI under the same conditions.
Most of the polymerase I activity present in the whole hypocotyl is located in the upper half; the lower half of the hypocotyl consists almost entirely of polymerase II (Fig. 1 ), in agreement with the a-amanitin sensitivity data presented in Table I .
When polymerase preparations from the hook region were chromatographed on DEAE-Sephadex two major differences were noted in comparison with the profiles obtained from whole hypocotyl preparations. First, polymerase I is present in such large amounts that enzymes I and II could not be resolved even with the shallower gradient (Fig. 2a) . The second characteristic of polymerase prepared from the hook region is that there is invariably an activity peak eluting at about 0.5 M KC1 (Fig. 2a) . To confirm this observation we prepared chromatin from the hook portion and the rest of the hypocotyl separately. Subsequent chromatography of the solubilized polymerase showed that the activity peak eluting at 0.5 M KCI was present in the hook region but was not detectable in the remainder of the hypocotyl (Fig. 2, a and b) . This activity peak is completely OLexpressed on a fresh weight basis which does not take into ac-/ 02 04 count differences in cell volume. Thus, the greater amount of The major point of interest of this observation is that the relative proportions of the multiple polymerases vary in the different sections of the hypocotyl. Developmental changes in multiple RNA polymerases have recently been reported in c several different eukaryotes (1, 3, 7, (9) (10) (11) (12) polymerase I in meristematic tissue, we have also found an RNA polymerase activity peak present in the hook region which is not detectable in other parts of the hypocotyl. Although the possibility of a cytoplasmic origin for this enzyme cannot be presently ruled out, the fact that this polymerase is completely inhibited by low concentrations of a-amanitin suggests that it is not a mitochondrial or proplastid enzyme, in spite of the partial sensitivity to rifamycin. Because this enzyme is inhibited by low levels of a-amanitin, it does not correspond to the polymerase III reported by Roeder and Rutter (10), or to the rifampin sensitive polymerase described by Horgen and Key (5) . It is interesting that Doenecke et al. (2) have also described an a-amanitin-sensitive polymerase which elutes at a higher salt concentration than does polymerase II, in the integument of blowfly larvae. This polymerase is only detectable if the larvae are treated with ecdysone. We are presently determining the effects of 2,4-D treatment on the relative levels of multiple RNA polymerases in different sections of the soybean hypocotyl. These results will be presented in a separate communication.
Experiments in which the columns were assayed in the presence and absence of a-amanitin, and routine checks of the a-amanitin sensitivity of the enzyme peaks have shown that polymerase I is resistant and polymerase II is sensitive to the toxin (data not shown). These results suggest that our polymerases I and II correspond to the nuclear polymerases I and II described by Horgen and Key (5) , and probably represent nucleolar and nucleoplasmic enzymes respectively, as shown by Roeder and Rutter (10) for polymerases from animal sources.
